We evaluated the effect of including 2.5, 5.0, 7.5 and 10.0% mango waste meal (MWM) variety UBA in corn and soybean meal-based diet on the serum lipid profile of broilers. The experimental design was completely randomized, with five treatments and six replicates with 20 birds per experimental unit. Concentrations of creatinine, albumin, total protein, total cholesterol, triacylglycerols (TAG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and very-low-density lipoprotein cholesterol (VLDL-C), were evaluated at the ages of 14, 28 and 42 days, with 30 birds evaluated per age. At 14 days, there was no difference serum creatinine, total cholesterol, HDL, triacylglycerols, total proteins or VLDL-C concentrations as compared with control. Albumin concentration was the highest at the MWM inclusion levels of 5.0, 7.5 and 10.0%. At 28 days, triacylglycerols, VLDL-C and LDL-C were the lowestat 7.5% inclusion whereas at 42 days, these same variables were the lowest with addition of 10.0% meal. At 14, 28 and 42 days of age, the VLDL-C, LDL-C and total TAG contents were found to decrease at mango waste meal inclusion levels of 5.0 and 7.5% in the diets, which maybe considered an indicator of improvements in the metabolic conditions of broilers.
Introduction
Industrial poultry farming is an important segment of Brazilian agribusiness that generates jobs and income for populations of different regions. The production costs, mainly those related to feeding in this supply chain, are the most expensive, accounting for approximately 70.0% of the total expenditures. Soybean meal and corn are the most widely used ingredients in poultry diets; thus, the availability and prices of these raw materials have a direct influence on the costs of diets (VIEITES et al., 2014) .
Many research studies on the use of alternative sources as substitutes for corn and soybean in diets have been conducted with the aim of making production economically feasible. In addition to the aforementioned fact, another noteworthy aspect is the environmental sustainability of the productive process. The poultry industry has sought alternative nutritional sources that allow for equating costs and environmental conditions. Among these sources are the agribusiness wastes originating from the production of fruit juice and fruit pulp (GERON et al., 2013) .
Regarding the use of by-products in broiler diets, those of fruits such as cashew pulp and mango waste meal have been studied and the results show that animal performance and carcass and cut yields were not compromised, which indicates the possibility of their use in the feeding of these birds (RAMOS et al., 2006; VIEIRA et al., 2008) .
Mango waste is an alternative because the peels and seeds have appreciable amounts of unsaturated fatty acids (UFA), phenolic compounds, vitamins C and E, antioxidants and reducers of plasma triacylglycerols (TAG) levels when added to diets (ABDALLA et al., 2007; AJILA et al., 2007; FREITAS et al., 2012; HUBER et al., 2012) .
In addition to the paramount contribution of genetic breeding, success in poultry farming is a result of nutrition. Average daily weight gain increased from 20 to over 50 g day -1 , and the slaughter age of birds was reduced from 12 to 6 weeks (PONSO et al., 2012) . As the slaughter age was reduced, some metabolic disorders related to the levels of TAG and plasma lipoproteins, which are linked to sudden death and ascites syndromes, were detected (SQUIRES; SUMMERS, 1993) . Hence, ingredients that allow for reductions in TAG and cholesterol levels have been tested in broiler diets (TOGASHI et al., 2008) .
The objective was to measure total cholesterol and its fractions in the blood serum of broilers fed diets with inclusion of mango waste meal.
Material and Methods
The experiment was conducted on the Poultry Breeding Farm at the Department of Animal Science of Universidade Federal de Viçosa (UFV). Six hundred (600) 1-day-old male Ross ® chicks with an average initial weight of 43.0 g were distributed in a completely randomized design with five treatments (T 1 -0.0; T 2 -2.5; T 3 -5.0; T 4 -7.5 and T 5 -10.0% mango waste meal [MWM] in the diets) and six replicates with 20 birds in each.
The MWM consisted of peels, seeds and defective ripe fruits obtained from a juice industry located in the municipality of Ubá -MG, Brazil. The material was dried at 60 ºC in a ventilated oven for 72 h and ground in a mill (3 mm sieve) to obtain the MWM. The composition of the MWM (expressed on a dry matter basis) was as follows: 92.23% dry matter, 3.87% crude protein, 37.25% neutral detergent fibre, 21.84% acid detergent fibre, 14.60% crude fibre, 4.36% ether extract, 2.08% mineral matter, 0.18% calcium, 0.11% phosphorus, 81.92% total carbohydrates, 390.60 kcal gross energy (per 100 g meal) and 5.80 g total phenols (gallic acid equivalents (GAE) per 100 g of meal) (VIEIRA et al., 2008) .
The diets were formulated by following the Rostagno et al. (2005) recommendations for the different broiler rearing phases (1 to 21 and 22 to 42 days of age). The composition of the experimental diets is described in Table 1 . 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 Vitamin supplement (Roche ® ), guaranteed levels per kg: vit. A -10,000,000 IU, vit. D 3 -2,000,000 IU; vit. E -30,000 IU; vit. B 1 -2g; vit.B 6 -4 g; pantothenic acid -12 g; biotin -0.10 g; vit. K 3 -3 g; folic acid -1 g; nicotinic acid -50 g; vit. B 12 -15,000 mcg; Se -0.25 g; excipient q.s. -1,000 g.
Calculated composition
Chicks were housed in a masonry shed divided into thirty 1.5 × 2.0 m pens. The poultry litter was made of wood shavings. The adopted lighting program was continuous (natural + artificial light), and feed and water were supplied ad libitum throughout the entire experimental period.
Ninety (90) birds were used to determine serum lipid profile components, corresponding to 30 birds per age (14, 28 and 42 days). Blood samples obtained after the animals were euthanized by cervical dislocation and jugular venipuncture were centrifuged at 3000 rpm for 15 min to separate the serum and kept at -20 ºC for subsequent biochemical analyses.
Serological measurements of creatinine, total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), very-low-density lipoprotein cholesterol (VLDL-C), triacylglycerols (TAG) and albumin were performed in a multiparametric biochemistry device (Allizé ® ). The data were analyzed using the Statistical Analysis System (SAS, 2001) software, with means subjected to analysis of variance and compared by Dunnett's test at a 5% level of significance.
Results and Discussion
At 14 days of age (Table 2) , serum concentrations of creatinine, total protein, triacylglycerols, cholesterol and its fractions did not differ among the broilers fed diets containing MWM. There was a lower concentration of LDL-C in the serum of birds fed the diet with the highest inclusion of MWM as compared with those that received the control diet. The chicks fed diets with levels equal to or higher than 5% MWM showed a greater albumin level. However, the obtained results, 1.568 g dL -1 to 1.952 g dL -1 , were within the normal range, and this outcome was similar to the 1.54 to 1.9 g dL -1 found by González et al. (2001) .
At 28 days of age (Table 3) , creatinine, total cholesterol, HDL and albumin were not affected by the addition of MWM to the diets. Total cholesterol and albumin conformed to the values mentioned by González et al. (2001) , which were 95.6 to 131.2 mg dL -1 and 1.43 to 1.87 g dL -1 , respectively. The total protein content in the plasma of the birds was lower at the level of 10.0% of inclusion of MWM in the diets as compared with the control treatment.
Nevertheless, it was within the normality range, from 27.1 to 39.6 g L -1 (MACARI; LUQUETTI, 2002). LSD: least significant difference. ns: not significant at the level of 5% probability by Dunnett's test; * significant at the level of 5% probability by Dunnett's test. CV: coefficient of variation.
At 42 days of age (Table 4) , albumin concentrations were the highest with the addition of 7.5% and 10.0% MWM to the diets. Hasegawa et al. (2002) found values that ranged from 0.9 to 2.1 g dL -1 for birds of the Avian Farm line. In the present study, it was observed that the increase in albumin concentration was not capable of influencing the total protein content (P > 0.05). LSD: least significant difference. ns: not significant at the level of 5% probability by Dunnett's test; * significant at the level of 5% probability by Dunnett's test. CV: coefficient of variation.
Total cholesterol was altered with the inclusion of MWM in the diets, such that the broilers fed diets with 7.5% and 10.0% MWM displayed increases in this variable of 4.2% and 6.5%, respectively. These elevations might have been caused by the 6.0% and 13.8% increased levels of HDL-C corresponding to the 7.5% and 10.0% inclusion rates of MWM, respectively.
The amounts of TAG, VLDL-C and LDL-C did not vary among treatments except for the MWM level of 7.5% in the diets for broilers at 28 days of age, in which the values were lower. Yet, at 10.0% inclusion of MWM, there was an increase in the above-mentioned variables, possibly as a result of the increased levels of soybean oil, as the MWM levels were elevated to make the diets isocaloric. Thus, the substitutions of the diets in the final phase elevated the level of soybean oil in the diet with the addition of 10% MWM from 4.52% to 5.82%, corresponding to a 4.93% higher value compared with birds receiving the control diet in the starter phase.
Some studies have associated reductions in the levels of triacylglycerols, VLDL-C and LDL-C and increases in HDL-C levels with the presence of unsaturated fatty acids (UFA) in diets. Vegetable oils are usually rich in UFA, among which the omega-6 UFA are the most abundant. Mango waste meal is rich in oleic and linoleic UFA (FOWOMOLA, 2010) . Abdalla et al. (2007) Celebi and Utlu (2006) studied several sources of lipids and found that diets rich in linoleic and oleic acids were capable of reducing VLDL-C and LDL-C concentrations, which also occurred in the present study. Silva et al. (2012) reported that in lipid metabolism, omega-3 fatty acids cause reductions in serum triglycerides via reduction of the synthesis of VLDL and apolipoprotein B and increases in HDL and LDL; however, such alterations depend on the basal values and on the levels of UFA in the diet. Grundy (1987) compared oleic and linoleic acids in their capacity to decrease cholesterol and concluded that oleic acid reduced LDL-C levels without affecting HDL-C, but linoleic acid reduced both LDL-C and HDL-C. The results observed in the current experiment were similar, with no significant alterations detected in the HDL-C levels for any of the tested levels at all ages, although they displayed higher values than control.
Another noteworthy aspect of mango waste is the presence of vitamins A and C and the phenolic compounds that act as antioxidants (RIBEIRO et al., 2007) . The variety Ubá utilized in this study contains much higher amounts of polyphenols and vitamin C and antioxidant powers in the peel, seed and pulp (RIBEIRO et al., 2008) . This fact may have been the reason for the reducing effect on lipoproteins observed in the present study, because these compounds protected the unsaturated fatty acids from both the meal itself and from the soybean oil added to the diets.
Conclusions
At 14, 28 and 42 days of age, the VLDL-C, LDL-C and total TAG contents were found to decrease with the mango waste meal inclusion levels of 5.0% and 7.5% in the diets, which may be considered an indicator of improvement in the metabolic conditions of broilers.
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